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ABSTRACT 
The island of New Caledonia is the second largest rock exposure of the continent 
Zealandia. The New Caledonian basement rocks have been interpreted as representing 
a late Paleozoic to Mesozoic intra-oceanic arc system that was possibly correlative to 
contemporaneous terranes in eastern Australia and New Zealand. In order to 
understand tectonic relationships between the basement rocks of New Caledonia and 
other eastern Gondwanan terranes, we obtained >2200 new U-Pb ages of detrital 
zircon grains from New Caledonia. Our new results, combined with a synthesis of 
previously published geochronological data, show abundant pre-Mesozoic zircon 
ages, but an absence of Early Permian to Middle Triassic ages, which are 
characteristic of eastern Gondwana magmatism. The results thus suggest that the 
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detritus of the New Caledonian basement was derived from a local Paleozoic 
continental fragment that was rifted from the margin of Gondwana, most likely in the 
Early Permian. The results imply that dispersal of the Gondwanan margins started 
earlier than the Late Cretaceous opening of the Tasman and Coral seas, consistently 
with the Mesozoic endemism of both New Caledonia and New Zealand.  
 
KEY WORDS: New Caledonia, Southwest Pacific, East Gondwana, detrital zircon, 
terrane analysis. 
1. INTRODUCTION 
Phanerozoic subduction along the Gondwanan margins produced one of the most 
extensive orogenic belts in the history of Earth (Terra Australis; Cawood, 2005). 
Along the margin of eastern Gondwana, subduction-related tectonostratigraphic units 
constitute the crustal basement of both eastern Australia (Tasmanides; Glen, 2005; 
Rosenbaum, 2018) and the continental basement of the southwest Pacific region (Fig. 
1; Zealandia; Mortimer et al., 2017). The continuity of this plate margin has been 
disrupted by a number of major phases of deformation that culminated in the opening 
of the Tasman and Coral seas and the oceanward dispersal of continental fragments of 
Zealandia (Gaina et al., 1998; Sutherland et al., 2001; Crawford et al., 2003; Seton et 
al., 2012; Matthews et al., 2015). 
 The continental crustal basement of the southeast Pacific region is almost 
entirely submerged and/or covered by younger sedimentary rocks. The island of New 
Caledonia constitutes the second largest exposure (after New Zealand) of Gondwanan 
basement in the southwest Pacific region (Fig. 1). Nevertheless, the connectivity or 
isolation of New Caledonia relative to the rest of Gondwana, and the exact tectonic 
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setting of the New Caledonian basement terranes (i.e. the overall configuration of the 
paleo-subduction boundary), have remained relatively poorly constrained. 
In this paper, we present new U-Pb detrital zircon geochronological data from 
the basement terranes of New Caledonia (Fig. 2; Téremba, Koh-Central and Boghen 
terranes). The results enable us to examine the provenance of each of the New 
Caledonian basement terranes and to discuss their spatio-temporal relationships with 
respect of each other and to the margins of eastern Gondwana.  
2. GEOLOGICAL SETTING  
Prior to the opening of the Tasman and Coral seas in the Late Cretaceous (~100 Ma), 
Zealandia, Australia and Antarctica were parts of eastern Gondwana (Cawood, 1984; 
Mortimer et al., 2017). Permian to Early Cretaceous supra-subduction units are 
recognized in eastern Australia (Glen, 2005) and New Zealand (Fig. 1; Mortimer et 
al., 2014; Milan et al., 2017; Mortimer et al., 2017), but the continuation and 
connectivity of these subduction units across the southwest Pacific remains uncertain. 
Pre-Late Cretaceous rocks that have been recovered from the submerged parts 
of North Zealandia (Fig. 1) include: (1) Carboniferous granite dredged from the 
Challenger Plateau (Tulloch et al., 1991); (2) Permian plutonic rocks dredged from 
the Dampier Ridge (McDougall et al., 1994); (3) Early Triassic and Late Jurassic 
plutonic rocks from the West Norfolk Rise (Mortimer et al., 1998); (4) Devonian-
Cretaceous plutonic and metasedimentary rocks from the Taranaki Basin (Mortimer et 
al., 1997); and (5) Late Triassic and Early Jurassic rocks from the central Lord Howe 
Rise (Mortimer et al., 2015). In general, the submerged basement rocks from North 
Zealandia show similar ages to rocks from the Median Batholith in New Zealand and 
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New England Orogen in eastern Australia (Fig. 1; Mortimer et al., 2008; 2015). 
New Caledonia is positioned among a series of marginal basins and volcanic 
arcs (Fig. 1; Fairway Ridge, New Caledonia Basin, Norfolk Ridge, and Loyalty 
Ridge). Two major groups of terranes are distributed along the length of New 
Caledonia. The first group includes Late Carboniferous to Middle Jurassic 
Gondwanan crustal basement terranes (Fig. 2a; Cluzel et al., 2012). The second group 
unconformably overlies the basement terranes, and consists of Late Cretaceous 
(Formation à charbon) to Early Eocene sedimentary units and a peridotite nappe (Fig. 
2a; Cluzel et al., 2010; Cluzel et al., 2011; Cluzel et al., 2012). The northernmost part 
of the island consists of a high-pressure metamorphic belt (Koumac, Diahot and 
Pouebo units) that was metamorphosed during the Eocene (Fig. 2a, Clarke et al., 
1997; Spandler et al., 2005; Pirard and Spandler, 2017). 
2.1 Basement terranes of New Caledonia  
2.1.1 Téremba Terrane 
The Téremba Terrane is exposed in the area between Baie de Saint-Vincent and Baie 
de Téremba, and is subdivided into two units (Figs. 2b, c). The lower part of the 
stratigraphy is the Late Permian to Middle Triassic Baie de Téremba Group, which 
has an estimated thickness of ~1570 meters (Fig. 2c, d, 3; Mara and Moindou 
formations; Campbell, 1984; Campbell and Grant-Mackie, 1984; Campbell et al., 
1985). Volcanic rocks dominate the Téremba Group (40-60%), composed of rhyolite, 
dacite, andesite and minor basalt, as well as ignimbrite, welded tuff, volcanic breccia 
and pyroclastic rocks (Fig. 4a; Maurizot et al., in press). A vitric dacite from the Baie 
de Téremba (Fig. 3) was dated at 214.3±1.5 Ma using the K-Ar method (Paris, 1981, 
p. 30), but this age may be younger than the emplacement age due to a possible argon 
loss. U-Pb dating of magmatic zircon from an andesitic hypabyssal body in the Baie 
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de Téremba yielded a 240±3 Ma emplacement age (Fig. 2c, 3; Maurizot et al., in 
press). The remainder of the group consists of sedimentary rocks that are commonly 
rich in plant debris, including silicified or pyritized trunks and stems (Fig. 4b; 
Campbell et al., 1985). Bioclastic marine sedimentary rocks are locally rich in 
fragments of the typical prismatic shelled bivalve subfamily Atomodesmatinae (Fig. 
4c, d; Campbell, 1984; Campbell et al., 1985). 
  The rocks of the Mara and Moindou formations are unconformably overlain 
by Late Triassic – Early Jurassic (Ouarai, Ouamoui, Leprédour, and Bouraké 
formations) and Middle Jurassic (Tani and Ilots Testard formations) rocks of the Baie 
de Saint Vincent Group, with a combined estimated thickness of ~1760 m (Fig. 2c; 
Campbell, 1984; Campbell et al., 1985). The Ouamoui and Ouarai formations are 
composed of very coarse, massive volcaniclastic conglomerate and medium- to fine-
grained sandstone beds, respectively (Fig. 3, 4e, g; Campbell, 1984; Campbell et al., 
1985). The Ouamoui Formation is unconformably overlain by the Leprédour 
Formation, a well-bedded sequence of fine- to medium-grained sandstone dominated 
by fossils of the Monotis shells (Fig. 3, 4e, f; Campbell and Grant-Mackie, 1984; 
Campbell et al., 1985). The overlying Bouraké Formation and the Tani Formation 
were deposited in the uppermost Triassic (Rhaetian) - Early Jurassic, and consist of 
volcaniclastic sandstone beds intercalated with conglomerate and debris flow deposits 
(Fig. 3; Campbell and Grant-Mackie, 1984; Campbell et al., 1985). The Middle 
Jurassic Ilot Testard Formation consists of medium to coarse marine volcaniclastic 
sandstone and conglomerate, rich in wood fragments (Fig. 3; Meister et al., 2010). 
  Rocks within the Baie de Téremba and Baie de Saint-Vincent groups have 
been suggested to be derived from a proximal, calk-alkaline, intra-oceanic island arc 
system in a shallow marine, fore-arc basin, depositional setting (Campbell, 1984; 
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Campbell et al., 1985; Meffre, 1991; Meffre, 1995; Cluzel et al., 2012). 
Biostratigraphic and paleontological investigations have drawn tentative correlations 
between the Téremba Terrane to that of both the Brook Street and Murihiku terranes 
in New Zealand (Fig. 1; Paris, 1981; Campbell, 1984; Campbell and Grant-Mackie, 
1984; Campbell et al., 1985; Meffre, 1995). In addition, a tentative geochemical 
correlation has been suggested for basalts in the Brook Street and Téremba terranes 
(Spandler et al., 2005). 
2.1.2 Koh-Central Terrane 
The Koh-Central Terrane consists of an ophiolite suite (Koh Ophiolite), comprising 
gabbro, dolerite, rare plagiogranite, island-arc tholeiite and boninitic pillow basalt 
(Fig. 2c, d; Paris, 1981; Campbell, 1984; Meffre, 1991; Meffre, 1995). U-Pb SHRIMP 
ages of primary zircon grains from plagiogranite in the Koh Ophiolite yielded 302±7 
Ma (n=14) and 290±5 Ma (n=14) crystallization ages (Fig. 2c; Aitchison et al., 1998), 
representing the oldest dated rocks on the island. 
Overlying the abyssal argillite of the Koh Ophiolite is a thick deep-marine 
succession of shale, overlain by Middle Triassic to Early Cretaceous siltstone and 
volcaniclastic rocks (Fig. 2c, 4h, i; Paris, 1981; Campbell, 1984; Meffre, 1991; 
Meffre, 1995; Cluzel et al., 2010; Maurizot et al., in press). Based on its stratigraphic 
characteristics and sedimentary facies, the Koh-Central Terrane has been suggested to 
represent a more distal, deeper offshore part of the same fore-arc basin system of the 
Téremba Terrane (Cluzel et al., 2012).  
 
2.1.3 Boghen Terrane 
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The Boghen Terrane (Fig. 2) is composed of schistose unfossiliferous, volcanic and 
sedimentary accretionary complex rocks (Fig. 4i; Cluzel and Meffre, 2002; Maurizot 
et al., in press). These rocks have been metamorphosed at lower-greenschist to 
blueschist-facies, with a westward increasing metamorphic grade (Cluzel et al., 2012). 
Three sandstone samples that have been dated using U-Pb geochronology show well-
defined Early Cretaceous detrital zircon age populations (Cluzel and Meffre, 2002; 
Adams et al., 2009; Cluzel et al., 2010). Sedimentary rocks of the Boghen Terrane 
likely formed within a deep-sea fan derived from mixed terrigenous and volcanic arc 
sources, which most likely accumulated on an oceanic crust (Cluzel and Meffre, 
2002). The schistose lithology and westward increase in metamorphic grade indicate 
that the sediments of the Boghen Terrane were likely part of a west-dipping 
subduction complex (Cluzel and Meffre, 2002; Cluzel et al., 2012). 
3. APPROACH AND METHOLODOLGY 
3.1 Sample preparation and analytical methods 
Heavy mineral separation was done for twenty-four representative sedimentary 
samples from different stratigraphic levels from the Téremba, Koh-Central and 
Boghen terranes (Fig. 2b, 3, Table. 1). Samples were washed and dried in a 65 
degrees oven, and stepwise crushed until all material sieved through a 425 μm mesh. 
Clay minerals were washed, and magnetic minerals were removed using a Frantz 
Magnetic Separator. The non-magnetic fraction was put in a tapped funnel with 
methylene iodide (MEI) heavy liquid to obtain heavy mineral separates. Zircon grains 
were handpicked using a binocular microscope, and mounted in non-reactive epoxy 
resin. The mounted grains were polished to expose their inner sections, and imaged 
using both transmitted light (Zeiss AxioImager M2M microscope) and scanning 
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electron microscope (Jeol JSM5410LV). 
 Isotopic compositions were obtained using Agilent 8800 Laser Ablation 
Inductively Coupled Plasma Mass Spectrometer (LA-ICP-MS) at the Queensland 
University of Technology. Data acquisition of 17 isotopes involved 25 seconds of 
background measurement followed by 30 seconds of sample ablation in a He/Ar 
atmosphere using a laser beam diameter of 30 μm. A firing rate of 7 Hz and sample 
fluence of about 0.6 mJ/cm
2
 was used at the sample site from an ESI New Wave 
Excimer Laser system with Trueline cell. A total dwell time for the 17 isotopes was 
0.4 second, so that an ablation produced about 70 individual analyses. The 
206
Pb, 
207
Pb, 
208
Pb, 
238
U and 
232
Th masses necessary for dating were counted for half the 
analytical time (0.04 second per mass). Their ratios were calibrated against Temora-2 
(416.78±0.33 Ma; Black et al., 2004) and monitored using the Plešovice zircon 
(337.13±0.37 Ma; Sláma et al., 2008) as a secondary standard. Beyond Pb, U and Th 
concentrations, elemental concentrations were determined from the following 
isotopes: 
31
P, 
49
Ti, 
89
Y, 
91
Zr, 
139
La, 
180
Ta, 
140
Ce, 
141
Pr, 
146
Nd or 
147
Sm, 
153
Eu, 
163
Dy, 
175
Lu and 
178
Hf. The NIST SRM 610 glass standard was used to calculate trace-
element concentration using Si as an internal standard and assuming a stoichiometric 
concentration of 32.8 %wt SiO2 in zircon. 
 Data were processed using Iolite software (Paton et al., 2011), and error 
correlation was done according to Ludwig (2003). Intervals were automatically 
selected and then visually edited to exclude, where possible, obvious inclusions based 
on P, Ti and La concentration patterns: P >1000 ppm, Ti >90 ppm or La >10 ppm. For 
grains younger than 950 Ma, concordance was taken when 
206
Pb/
238
U and 
207
Pb/
235
U 
ages are in agreement with propagated 2 sigma standard error uncertainty (Paton et 
al., 2010). For grains older than 950 Ma, 
207
Pb/
206
Pb are reported for the concordant 
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grains. The percent common Pb and common Pb corrected ages were calculated using 
the correction that assumes that 
206
Pb/
238
U, 
207
Pb/
235
U, 
208
Pb/
232
Th and 
207
Pb/
206
Pb 
should yield similar ages. Commonly, grains this old (>950 Ma) are discordant not 
because of common Pb, but due to Pb loss; therefore, correction for common Pb was 
not attempted. The ‘selected’ age for an analysis was decided as follows: for grains 
less than 950 Ma, if both the corrected and uncorrected 
206
Pb/
238
U ages were deemed 
concordant (
206
Pb/
238
U and 
206
Pb/
235
U ages overlapped within given uncertainty), the 
one closest to concordia was selected, excluding grains with more than 2% of all 
206
Pb 
calculated as common. Data were disregarded for plotting if they had unusually large 
trace element concentrations of P >1000 ppm, Ti >90 ppm or La >10 ppm, indicating 
the likely presence of inclusions. 
Data were collected in 10 sessions on 10 days over the course of 9 months 
with a total of ~450 analyses of each of the standard materials (Plešovice, Temora-2 
and NIST 610 glass).
  
For an analytical session, 
206
Pb/
238
U ages for Plešovice ranged 
between 325.7±4.6 and 346.7±2.7 Ma, suggesting a systematic population accuracy of 
about ±10 Ma for this material relative to Temora-2 (ratios propagated to 150 Ma 
indicate a systematic population accuracy of 5 Ma). For full details on LA-ICP-MS 
data acquisition and analytical results see supplementary material. 
3.2 Data handling 
Geochronological constraints on the time of deposition were tested against the 
stratigraphic order and biostratigraphic constraints. Maximum depositional ages were 
calculated following the following different methods provided by Dickinson and 
Gehrels (2009): (a) youngest single grain age (YSA); (b) youngest graphical age peak 
(YPP) controlled by the ages of more than one grain; (c) mean age of the youngest 
two or more grains that overlap in age at 1σ (YC1σ), (d) mean age of the youngest 
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three or more grains that overlap in age at 2σ (YC2σ), and, (e) ‘youngest detrital 
zircon age’ generated by Isoplot 2008 (YDZ). 
Detrital zircon data of samples from each terrane that consisted of overlapping 
constraints for the time of deposition were merged. Merging multiple samples is 
shown to address the naturally occurring internal variations in the proportions of age 
populations (e.g., Shaanan et al., 2018b), as well as providing a sufficient yield of 
zircon ages to permit terrane analysis. The characteristic age spectra and temporal 
variations within each of the different New Caledonian terranes were then examined 
through cumulative proportion curves and kernel density estimates (Vermeesch, 
2012). 
4. RESULTS  
A total of 2267 new U-Pb concordant ages were obtained from 3314 analyses of 3240 
detrital zircon grains from 18 sedimentary samples (Fig. 2b). Out of the 2267 new 
concordant ages, 162 were obtained for corresponding rims and cores. Detailed 
information on individual samples is provided in Table 1. 
4.1 Maximum depositional age constraints  
Constraints on the time of deposition of 18 samples from 7 Mesozoic formations are 
presented in Figure 5. With the exception of one sample (023_NC), the youngest 
single grain (YSG) of each sample consistently overlapped with the mean age of the 
youngest overlapping two (1σ) or three (2σ) ages (YC1σ and YC2σ; Table 2).  For the 
purpose of this work, we use the YC1σ ages as the maximum depositional age 
constraint (Table. 2). As demonstrated by Dickinson and Grehels (2009), the 
determination of maximum depositional ages based on the multiple-grains methods 
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(YC1σ and YC2σ) is consistently compatible with inferred age of deposition. In 
contrast, the youngest graphical peak (YPP) method commonly results in an overly 
conservative maximum depositional age, whereas substantial analytical uncertainties 
surround the use of the youngest single grain (YSG) and youngest detrital zircon 
(YDZ) age methods due to (1) a lack of reproducibility, and (2) a model age for which 
direct analytical confirmation is lacking (Dickinson and Grehels, 2009). 
4.2 Detrital zircon age spectra and terrane analysis 
In order to better understand the provenance and inferred tectonic setting of the New 
Caledonia basement terranes, we synthesized a combined geochronological dataset 
(total of 548 ages) comprising our data and earlier published data (Cluzel and Meffre, 
2002; Adams et al., 2009; Cluzel et al., 2010). The grouping (by inferred age of 
deposition) defines three sets of data: Group A, Late Triassic to Early Jurassic (237–
175 Ma); Group B, Middle to Late Jurassic (175-145 Ma), and Group C, Early 
Cretaceous (145-100 Ma). We use this group terminology henceforth, and present the 
merged data of the groups from each terrane in Figures 6, 7 and 8. 
4.2.1 Téremba Terrane  
Group A in the Téremba Terrane (Fig. 6a, b) includes samples from the Ouarai 
Formation (045_NC and 048_NC), Ouamoui Formation (055_NC), Leprédour 
Formation (005_NC, 046_NC and 050_NC) and Bouraké Formation (061_NC, 
023_NC), which all show maximum depositional age constraints between 217 to 199 
Ma (Figs. 5, 6a, b). Group B in the Téremba Terrane is recognized in samples from 
the Tani Formation (059_NC) and Ilots Testard Formation (021_NC and 022_NC), 
which show maximum depositional ages between 168 to 151 Ma (Figs. 5, 6a, b). 
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Group C in the Terémba Terrane is recognized in samples 002_NC, 003_NC and 
004_NC (Fig. 3, 6a, b), which show maximum depositional age constraints of 145 Ma 
(Fig. 5). 
 The most prominent detrital zircon component of Group A is Triassic (62.5%), 
with major peaks at c. 230 Ma and c. 215 Ma, and an additional minor age population 
peak at c. 550 Ma (Figs. 7, 8a). The combined age spectra of samples from Group B is 
characterized by dominant Jurassic (97.1%) peaks at c. 180 Ma and c. 185 Ma, and a 
significant decrease in Paleozoic (0.8%) and Proterozoic (0.4%) age components 
relative to Group A (Figs. 7, 8a). Group C samples are characterized by large 
proportions of Jurassic (46.2%) and Triassic (29.5%) ages, with major peaks at c. 215 
Ma and c. 195 Ma, and minor Paleozoic (14.3%) and Proterozoic (9.8%) age 
populations (Figs. 7, 8a). 
4.2.2 Koh-Central Terrane 
Samples 009_NC, 013_NC, 015_NC, 060_NC, 062_NC (this study), and samples 
TRB23 and NCAL15 from Adams et al. (2009) belong to Group A for the Koh-
Central Terrane, with maximum depositional age constraints between 229 to 179 Ma 
(Fig. 5, 6c, d). Group B in the Koh-Central Terrane has maximum depositional age 
constraints of 152–150 Ma (Fig. 6c, d; Adams et al., 2009). Group C is recognized in 
samples NCAL10 and PM118 (Adams et al., 2009), which have maximum 
depositional age constraints of 121 Ma and 103 Ma, respectively (Fig. 6c, d). 
In contrast to the Téremba Terrane, the merged datasets of Groups A, B, and C 
from the Koh-Central Terrane show a diverse range of ages in the Late Triassic-Late 
Jurassic (Groups A and B). The combined, prominent components of Group A for the 
Koh-Central Terrane are Proterozoic (51.8%), with age population peaks observed at 
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c. 1110 Ma, c. 915 Ma and c. 825 Ma (Figs. 6, 8b). Additional age population peaks 
are observed at c. 235 Ma, c. 340 Ma, c. 415 Ma, c. 530 Ma, and c. 595 Ma (Fig. 7, 
8b). Other ages are less abundant, with 2.5% Archean ages and 17.6% Mesozoic ages 
(Fig. 7). Higher proportions of Mesozoic (22.2%) and Proterozoic (48.4%) ages are 
recognized in the combined dataset for Group B, with peaks at c. 160 Ma, c. 575 Ma, 
c. 780 Ma and c. 965 Ma (Figs. 7, 8b). The combined Group C samples from the Koh-
Central Terrane show a major change in detrital zircon ages, comprising a high 
proportion of Mesozoic (85.2%) and Proterozoic (12.2%) components and no 
Paleozoic or Archean ages (Fig. 7). Two major peaks are present at c. 110 Ma and c. 
130 Ma (Figs. 7, 8b). 
4.2.3 Boghen Terrane  
Despite repeated attempts to generate detrital zircon data from the Boghen Terrane, 
yields from our samples were insufficient and generated separates that were under 30 
µm. However, 121 detrital zircon ages from three samples from previous studies 
(Cluzel and Meffre, 2002; Adams et al., 2009; Cluzel et al., 2010) were incorporated 
in our dataset (Fig. 6e, f). Samples FTNA2 and NCAL32 show maximum 
depositional age constraints of 119 Ma and 137 Ma, respectively, whereas sample 
NCB154 yielded an earlier maximum depositional age constraint of 191 Ma.  
Based on the scarce published ages above, it seems that age spectra of the Boghen 
Terrane are rather similar to those from the Koh-Central Terrane (Fig. 8b, c). The 
most prominent component of Group A is Proterozoic (76.6%) (Figs. 7, 8c). Other 
age components are Mesozoic (20%) and Paleozoic (3.3%) (Fig. 7, 8c). Data from 
Group C include 30 concordant ages, which provide a constraint for the timing of 
deposition but are deemed insufficient for terrane analysis (Figs. 7, 8c). 
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4.3 Rims and cores of detrital zircon  
The majority of zircon grains with rims younger than 258 Ma are characterised by 
homogenous ages, whereby the core ages are similar to the rim ages (Fig. 8d, e). In 16 
of the 69 doubly-analysed grains from 16 samples (Table. 1 and supplementary 
material), the cores are significantly older (Fig. 8d, e). There is no dominant cluster of 
core age populations for rims younger than 258 Ma, with ages of inherited cores 
variably ranging between ~330 Ma and ~1100 Ma (Fig 8d, e). For rims older than 258 
Ma, most grains too are age-homogenous, with few cores that are distinctly older 
(Fig. 8d, e; 900 – 1300 Ma). 
5. Discussion 
5.1. Age of the New Caledonia basement 
Geochronological results from the Koh-Central Terrane show that the youngest 
maximum depositional age constraints from five samples are 229-179 Ma (Fig. 5), 
thus indicating Late Triassic – Early Jurassic or younger deposition. Fauna observed 
in the Koh-Central Terrane include Ammonites of the genera Hollandites (Diener), 
Leiophytlites (Diener), Prosphigites (Mojsisivics), Monotis and Inoceramus fossils 
(Paris, 1981; Campbell et al., 1985; Meffre, 1991; Meffre, 1995), indicating a Middle 
Triassic (Anisian) to Jurassic age based on the New Zealand chronological chart 
(Raine et al., 2015), thus consistent with our results. 
In contrast to the Koh-Central Terrane, age constraints from the Téremba 
Terrane, based on biostratigraphy and the New Zealand chronological chart (Raine et 
al., 2015), show inconsistencies with maximum depositional detrital zircon age 
constraints (Fig. 5). Samples from the Late Triassic (227.5 – 208.5 Ma) Ouarai 
(055_NC), Ouamoui (048_NC and 045_NC) and Leprédour Formation (005_NC, 
046_NC and 050_NC) yielded maximum depositional age constraints that are 
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significantly younger than these of the associated fauna recorded of these formations 
(Fig. 5; Campbell and Grant-Mackie, 1984; Campbell et al., 1985; Meffre, 1995). 
Two samples from the Late Triassic- Early Jurassic (Otapirian – Aratauran; 208.5–
188.9 Ma) Bouraké Formation (061_NC and 023_NC) yielded maximum depositional 
age constraints of 201.6±2.1 Ma and 214.3±3.9 Ma (n=4) (Fig. 5), with sample 
023_NC being inconsistent with the suggested age of deposition. 
Sample 059_NC from the Early Jurassic (Uronian; 188.9 – 176 Ma) Tani 
Formation yielded a maximum depositional age constraint of 167.0±5.3 Ma, which is 
inconsistent with biostratigraphic constraints (Fig. 5; Campbell and Grant-Mackie, 
1984; Campbell et al., 1985). Two samples from the Middle Jurassic (Temalkan; 176 
– 164.3 Ma) Ilots Testard Formation (021_NC and 022_NC) yeilded maximum 
depositional age constraints of 168.1±2.5 Ma (n=8) and 151.9±3.5 (n=4) (Fig. 5). 
Samples 002_NC, 003_NC and 004_NC were collected from the same coherent 
succession in the Téremba Terrane; thus the 145.6±3.4 Ma age from sample 003_NC 
is considered to represent the maximum depositional age, indicating a Late Jurassic-
Early Cretaceous maximum age of deposition (Fig. 5). The maximum age constraints 
of samples 022_NC and 003_NC indicate that sedimentation in the Téremba Terrane 
did not end in the Middle Jurassic (Cluzel et al., 2012), but continued until the Late 
Jurassic-Early Cretaceous (Fig. 5). 
Maximum age constraints based on detrital zircons in the Téremba Terrane 
either overlap or are somewhat younger (~10 Ma) than the fossil ages inferred from 
the New Zealand chronological chart (Fig. 5). This 10 Ma difference is based on 
several analyses that were taken in different sessions, indicating the discrepancy is 
beyond the systemic inaccuracies predicted by repeated analyses of Plešovice (~5 
Ma). These inconsistencies could indicate that Mesozoic fauna in New Caledonia 
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evolved on an independent timeline in comparison to New Zealand, or that the 
Mesozoic biostratigraphic controls for the southwest Pacific (New Zealand included) 
require revisions. 
5.2.  Tectonic setting and provenance of New Caledonian basement 
Group A, B and C for the Téremba Terrane and Groups C for the Koh-Central 
Terrane are dominated by a large portion of ages that closely approximate the time of 
deposition (Fig. 8a-c, 9), indicating syn-depositional volcanism, possibly in a fore-arc 
basin (Cawood et al., 2012). In contrast, Groups A and B for the Koh-Central Terrane 
and Groups A and C for the Boghen Terrane have older, more varied age ranges, 
indicating a different provenance (Fig. 8a-c, 9). A shift in the provenance is evident in 
the Koh-Central Terrane, in which connectivity with the source of the older grains 
(Groups A and B) was disrupted in the Cretaceous (Group C). The transition from 
older continental sources in Groups A and B to dominance of syn-depositional 
magmatism in Group C for the Koh-Central (Fig. 9) may indicate: (1) that the Koh-
Central Terrane transitioned into a Cretaceous fore-arc position; or (2) that the source 
of the Gondwanan zircon of the Koh-Central Terrane was local, limited, and not 
exposed in the Cretaceous; or (3) New Caledonia became more isolated between 
~130-100 Ma, associated with extension, and overwhelmed by rift-related siliceous 
volcanism leading up to and during the opening of the Tasman and Coral seas (e.g., 
Bryan et al., 2012; Barham et al., 2016). 
The source of Late Triassic – Early Jurassic zircon age populations in the 
sedimentary rocks of the Téremba and Koh-Central terranes (Fig. 8a, b, c) is unclear. 
There are no igneous rocks of such ages in New Caledonia, but similar ages are 
known from the following subduction-related associations (Fig. 10a): (1) dredged 
granitic clasts from the Lord Howe Rise (Mortimer et al., 2015); (2) West Norfolk 
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Ridge (Mortimer et al., 1998); (3) Darran Suite in New Zealand (Mortimer et al., 
1997; Muir et al., 1998; Mortimer et al., 2015); and (4) New England Orogen in 
eastern Australia (Li et al., 2012). Jurassic magmatic rocks are sparse in eastern 
Australia, except of abundant basalt and dolerite in Tasmania that unlikely 
contributed to the source of zircon (Fig. 10a). We suggest that the 180-150 Ma zircon 
age populations most likely represent a subduction-related zircon-producing source, 
which became inactive at around 150 Ma. 
Early Permian to Middle Triassic magmatism is evident in the New England 
Orogen as well as in the Dampier Ridge (McDougall et al., 1994), and possibly West 
Norfolk Rise (Fig. 10a; Mortimer et al., 1998). Despite the extensive distribution of 
plutonic rocks of this age in eastern Australia, Early Permian to Middle Triassic 
zircon grains make up a very minor component of the basement strata of New 
Caledonia (Figs. 8a-c). The absence of these ages is specifically significant for the 
period 275-230 Ma, which in the New England Orogen, was associated with 
widespread magmatism (Fig. 10a; Shaw and Flood, 1981; Korsch et al., 2009a). 
The ~415 and ~340 Ma age populations (Fig. 8b; Group A) and ~335 Ma age 
population (Fig. 8b; Group B) in the Koh-Central Terrane may correspond to 
magmatism in eastern Australia (Fig. 10a; Collins, 1996; Collins, 2002; Glen, 2005; 
Rosenbaum, 2018). Older age populations, and specifically the presence of 600-500 
Ma, and 1300–900 Ma detrital zircon ages in the New Caledonian basement, suggest 
a contribution from reworked metasedimentary strata of the Tasmanides (Fergusson et 
al., 2017; Shaanan et al., 2018b). The occurrence of 16 older cores within zircon 
grains of Mesozoic rim ages also corresponds with the ages described above (335–
1100 Ma; Fig. 8d, e). Oscillatory zoning and relatively low Th/U for these rims is 
consistent with magmatic zircon crystallization, implying that a sediment component 
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containing zircon grains was caught up in melting and magmatism, or that a sliver of 
continental basement was possibly re-melted in New Caledonia in the course of the 
Triassic-Jurassic magmatism. 
5.3. Late Paleozoic to early Mesozoic tectonic evolution of New Caledonia  
The deeper water sedimentary and underlying ‘oceanic’ crust of the Koh-Central 
Terrane implies that the terrane likely formed outboard of the shallow water and 
fossiliferous rocks of the Téremba Terrane (Groups A and B; Figs. 10b). The Boghen 
Terrane is situated farther east of the Téremba Terrane, roughly along strike with the 
Koh-Central Terrane, and has features of a subduction complex with broken 
formations and mafic/ultramafic mélanges (Fig. 10b; Cluzel et al., 2012). Thus, the 
eastward change from shallow marine (Téremba Terrane) to a deeper marine 
environment (Koh-Central Terrane), and an accretionary complex (Boghen Terrane), 
support previous suggestions for a westward dipping subduction system (Fig. 10b; 
Cluzel and Meffre, 2002; Cluzel et al., 2012).  
Nd-Sr isotope values of +0.9<𝜀𝑁𝑑<+3 and -0.4<𝜀𝑆𝑟<+25 of Early Triassic to 
middle Cretaceous sandstones from the New Caledonia basement are indicative of 
magmatic source rocks derived from a juvenile mantle typical of island arc 
magmatism (Meffre, 1995; Adams et al., 2009). Magmatic rocks derived from 
juvenile mantle are also indicated by the composition of hafnium isotopes of Late 
Triassic/Jurassic (mean Hf = +6.5) and Early Cretaceous (mean Hf = +7.2) detrital 
zircon from the metamorphic units (Fig. 2a; Koumac, Diahot, Pouebo units) (Pirard 
and Spandler, 2017). Limited continental input was associated with this westward-
dipping, subduction-related, island-arc magmatism in New Caledonia (Fig. 10b; 
Meffre, 1995; Cluzel and Meffre, 2002; Adams et al., 2009), but the presence of 
older, inherited Paleozoic zircon grains/cores indicates that magmatic recycling of a 
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potential sediment, or Gondwanan basement component occurred within this intra-
oceanic arc system (Figs. 8d, e, 10b). The affinity of Nd-Sr isotopes with oceanic 
lithosphere (i.e., intra-oceanic arc magmatism) implies that the volume of the melted 
continental material was insufficient to modify the overall melt composition. The lack 
of inherited zircon grains in the Middle Triassic shallow level intrusive rocks of New 
Caledonia (Maurizot et al., in press) could suggest that a continental basement was 
located further outboard of New Caledonia, possibly in the Lord Howe Rise (Fig. 10a, 
b). 
The Nd-Sr affinity of sedimentary rocks and Hf isotopes of detrital zircons, in 
combination with the Mesozoic intra-oceanic setting for New Caledonia contrasts 
with the previous suggestions that Gondwanan age populations were sourced from the 
continental interior (Adams et al., 2009). The higher abundance of Gondwanan aged 
zircon in the further ocean-ward, deep marine Koh-Central Terrane in respect to the 
Téremba Terrane (Fig. 8a-b), does not seem to agree with a direct continental 
drainage into the New Caledonian basement. Furthermore, the lack of Early Permian-
Middle Triassic detrital zircon ages in all basement terranes in New Caledonia is 
inconsistent with a direct derivation from the continent interior. Thus, the presence of 
Gondwanan age material in the Mesozoic strata of New Caledonia (Fig. 8; Group A 
and B) requires an alternative explanation.  
We propose that a thinned, Paleozoic continental fragment, which was rifted 
from the Gondwanan margins prior to the deposition of the late Paleozoic-Mesozoic 
Téremba, Koh-Central and Boghen terranes, was internally reworked and partly 
melted within the roots of a volcanic arc (Fig. 10b). This scenario is consistent with 
the evidence for an intra-oceanic arc environment (Nd-Sr and Hf isotope values), 
abundant occurrence of Gondwanan (Paleozoic-Proterozoic) ages in the deep marine 
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ocean-ward Koh-Central and Boghen terranes, and the absence of Early Permian to 
Middle Triassic age populations. The absence of the Early Permian to Middle Triassic 
ages implies that New Caledonia was separated and was distant from Gondwana in 
the Late Paleozoic, a conclusion consistent with the marked faunal and floral 
endemism that occurred during the Triassic – Jurassic (e.g. Paris, 1981; Cluzel et al., 
2012). The existence of oceanic back-arc basins or marginal sediment traps most 
likely restricted late Paleozoic-Mesozoic detritus from east Australia reaching the 
New Caledonia basins. 
Rifting of a thinned, Paleozoic continental fragment and development an intra-
oceanic arc system most likely occurred during the Early Permian (300-280 Ma). 
During this period, eastern Gondwana was subjected to crustal extension, possibly in 
response to an eastward trench retreat (Korsch et al., 2009b; Shaanan et al., 2015). 
This period of Early Permian extension led to widespread formation of sedimentary 
basins, including the so-called East Australian Rift System and other smaller back-arc 
basins throughout eastern Australia (Fig. 10a; Korsch et al. 2009b; Campbell et al., 
2015; Shaanan et al., 2015; Shaanan and Rosenbaum, 2018). This phase of rifting 
along the eastern Gondwana margin may explain the combination of an intra-oceanic 
setting for the New Caledonia basement rocks, the occurrence of Gondwana-derived 
zircon ages, and the absence of 275-230 Ma detritus. The implication for the tectonics 
of the southwest Pacific is that dispersal of continental fragments of eastern 
Gondwana may have occurred in the Early Permian, long before the Late Mesozoic 
opening of the Tasman and Coral seas. 
6. Conclusion 
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New U-Pb zircon ages provide an insight into the tectonic setting and evolution of the 
late Paleozoic-Mesozoic basement terranes of New Caledonia. U-Pb geochronology 
data show that the Téremba Terrane has a distinct age spectra characteristic of a 
Mesozoic fore-arc basin, whereas the Koh-Central and Boghen terranes are 
characterized by diverse age spectra that also consist of significantly older age 
components. The absence of Early Permian to Middle Triassic detrital zircon ages in 
the New Caledonian basement terranes suggests isolation from eastern Gondwana 
during this time interval. The distribution of Paleozoic aged detritus within the 
basement terranes of New Caledonia implies a local (limited) source, possibly made 
of a thinned Paleozoic continental fragment that was rifted from the Gondwanan 
margins prior to the deposition of the late Paleozoic-Mesozoic Koh-Central, Téremba 
and Boghen terranes. We suggest that this rifted continental fragment was internally 
reworked and partly melted within the roots of an intra-oceanic arc, possibly beneath 
the Téremba Terrane and/or Lord Howe Rise, as evident in inherited zircon cores. The 
rifting of such a continental segment from the Gondwanan margins implies that 
dispersal of Gondwanan continental fragments within the southwest Pacific may have 
occurred before the Late Mesozoic, possibly in the course of a pronounced phase of 
extension in the Early Permian along the eastern Gondwanan margin.  
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FIGURE CAPTIONS 
Figure 1: Bathymetric map of the southwest Pacific region showing major tectonic 
elements and domains. 
Figure 2: Maps and sections of the study area. a. Tectonostratigraphic map of New 
Caledonia. b. Geological map of the New Caledonia basement terranes and sample 
localities (circles). c. Representative stratigraphic columns of the New Caledonia 
basement terranes. d. Schematic cross section (modified after Cluzel and Meffre, 
2002) (cross section location shown on b). 
Figure 3: Geological map, composite stratigraphic log and sampling localities from 
the Téremba Terrane. The stratigraphic log and corresponding fossil localities are 
after Meister et al. (2010).  
Figure 4: Field photos from the Téremba Terrane (3 cm coin and 33 cm hammer 
shown for scale). a. Reworked, pyroclastic material with large, siltstone rip–up clasts. 
Mara Formation. (Coordinates: 21.81°S, 165.75°E). b. Well bedded, medium to 
coarse grained sandstone, siltstone and minor tuff exposure of the Mara Formation 
(Coordinates: 21.75°S, 165.70°E). c. Atomodesmatinae shell fossils. d. 
Atomodesmatinae shell fossil, Mara formation (Coordinates: 21.81°S, 165.75°E). e. 
Unconformable contact (red dashed line) between the Leprédour Formation and 
Ouamoui Formation (Coordinates: 22.03 °S, 166.05 °E). f. Monotis shells in the 
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Leprédour Formation (Sample 046_NC). g. Grain–supported conglomerate of the 
Ouamoui Formation (Sample 046_NC). h–i. Interbedded sandstone and siltstone 
turbidite sequences of the Koh–Central Terrane (coordinates: 21.71°S, 165.84°E and 
21.69°S, 165.88°E, respectively). j. Foliated fine–grained sandstone/siltstones of the 
Boghen Terrane (coordinates: 20.98°S, 165.01°E).  
Figure 5: Depositional age constraints for strata in the Téremba and Koh–Central 
terranes. Timescale after Raine et al. (2015). 
Figure 6: Detrital zircon U/Pb age spectra of samples from the Téremba, Koh–
Central and Boghen terranes. n = number of concordant/plotted analyses. Dashed 
lines indicate data from Adams et al. (2009), Cluzel et al. (2010) and Cluzel and 
Meffre (2002) (see Fig. 2b for sample locations). a. Cumulative proportion curves of 
samples from the Téremba Terrane. b. Kernel density estimates for samples from the 
Téremba Terrane. c. Cumulative proportion curves of samples from the Koh–Central 
Terrane. d. Kernel density estimates for samples from the Koh–Central Terrane. e.  
Cumulative proportion curves of individual samples from the Boghen Terrane. f.  
Kernel density estimates for samples from the Boghen Terrane.  
Figure 7: Proportions of detrital zircon ages from a compiled U–Pb geochronology 
dataset for the Téremba, Koh–Central and Boghen terranes. 
Figure 8: Detrital zircon age spectra of groups A, B and C within the three basement 
terranes. a. Kernel density estimates and cumulative proportion of combined samples 
from the Téremba Terrane. b. Kernel density estimates and cumulative proportion of 
samples from the Koh–Central Terrane. c. Kernel density estimates and cumulative 
proportion samples from the Boghen Terrane. d. U/Pb detrital zircon ages of 
corresponding rims and cores. e. Kernel density estimates (solid line) and relative 
probability (dashed line) plots of rims (red) and cores (blue). 
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Figure 9: Cumulative proportion curve for the time span between crystallization and 
inferred depositional ages (after Cawood et al. 2012), shown separately for Groups A, 
B and C within each basement terrane. Ages that proximate the time of deposition and 
only comprise a minor component of older ages are characteristic of fore–arc basins 
that typically drain magmatic arcs. In contrast, back–arc basins typically have an age 
spectra that reflects mix drainage of syn–depositional (arc) magmatism, and older 
(possibly continental interior) recycled sediments.  
Figure 10: a. Tectonic map of the Southwest Pacific region, highlighting the 
occurrence of igneous rocks in eastern Australia, New Zealand and southwest Pacific 
Ocean (after Rosenbaum, 2018). Colored circles represent ages of igneous rocks in 
drill cores and dredge samples. West Norfolk Ridge (Mortimer et al., 1998); Lord 
Howe Rise (Mortimer et al., 2015); Dampier Ridge (McDougall et al., 1994); 
Queensland Plateau (Mortimer et al., 2008; Shaanan et al., 2018a). Abbreviations: 
DTO, Delamerian–Thomson Orogen; EARS, East Australian Rift System; LO, 
Lachlan Orogen; MO, Mossman Orogen; NEO, New England Orogen. b. Simplified 
schematic cross section of the basement terranes in New Caledonia illustrating the 
possible tectonic setting during the Late Triassic – Late Jurassic.  
Table. 1:  Sample list for U–Pb geochronology samples in New Caledonia. 
Table. 2: Summary of maximum age constraints of samples from this study 
following methods by Dickinson and Gehrels (2009). n= Number of grains.  
SUPPLEMENTARY DATA  
1. ICP–MS analytical data  
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Table 1 
Sam
ple 
nam
e 
La
tit
ud
e 
Lo
ngi
tud
e 
Te
rr
an
e 
For
mat
ion 
Lith
olog
y 
Mapped 
stratigra
phic age 
Concordant 
ages (n)/ total 
analyses (N) 
Number of grains with 
concordant rim and cores 
(n)/Total number of grains 
(N) 
023-
NC 
21°4
1'56.
5"S 
165°3
8'24.1
"E 
Tére
mba 
Boura
ké 
Sandsto
ne 
Uronian, Middle 
Jurassic 
180/141 3/5 
061-
NC 
21°5
7'58.
7"S 
166° 
0'11.8
"E 
Tére
mba 
Boura
ké 
Sandsto
ne 
Rhaetian, Late 
Triassic 
66/42 3/9 
009-
NC 
21°4
1'32.
4"S 
165°4
4'48.8
"E 
Koh-
Cent
ral 
Centra
l 
Sandsto
ne 
Ladinean, 
Middle Triassic 
178/149 0/1 
013-
NC 
21°3
3'43.
8"S 
165°5
0'21.9
"E 
Koh-
Cent
ral 
Centra
l 
Sandsto
ne 
Anisian, Middle 
Triassic 
170/127 0/2 
015-
NC 
21°9'
24.3"
S 
165°2
5'20.7
"E 
Koh-
Cent
ral 
Centra
l 
Conglo
merate 
Norien, Late 
Triassic 
62/29 1/3 
060-
NC 
21°4
2'47.
4"S 
165°5
0'36.7
"E 
Koh-
Cent
ral 
Centra
l 
Sandsto
ne 
Norien, Late 
Triassic 
167/112 7/14 
062-
NC 
21°4
6'52.
1"S 
166° 
3'48.9
"E 
Koh-
Cent
ral 
Centra
l 
Sandsto
ne 
Carnian-Norian, 
Late Triassic 
162/46  
005-
NC 
21°5
7'32.
0"S 
165°5
9'26.7
"E 
Tére
mba 
Lepré
dour 
Sandsto
ne 
Norien, Late 
Triassic 
150/103 9/16 
046-
NC 
22°1'
57.7"
S 
166° 
3'1"E 
Tére
mba 
Lepré
dour 
Sandsto
ne 
Norien, Late 
Triassic 
169/100 5/15 
050-
NC 
22°0'
45.5"
S 
166° 
2'47.5
"E 
Tére
mba 
Lepré
dour 
Sandsto
ne 
Norien, Late 
Triassic 
180/126 7/10 
022-
NC 
21°4
2'21.
9"S 
165°3
4'48.7
"E 
Tére
mba 
Ilots 
Testar
d 
Sandsto
ne 
Bajocien-
Bathonien, 
Middle Jurassic 
200/94 0/0 
021-
NC 
21°4
1'56.
9"S 
165°3
3'57.2
"E 
Tére
mba 
Ilots 
Testar
d 
Sandsto
ne 
Bajocien-
Bathonien, 
Middle Jurassic 
99/24 0/0 
041-
NC 
21°4
4'52.
7"S 
165°4
2'0.3"
E 
Tére
mba 
Mara Sandsto
ne 
Permian   
054-
NC 
21°4
8'37.
0"S 
165°4
5'5.2"
E 
Tére
mba 
Mara Pyrocla
stic 
sandsto
ne 
Permian   
024-
NC 
21°4
4'52.
4"S 
165°4
2'0.3"
E 
Tére
mba 
Mara Sandsto
ne 
Permian   
032-
NC 
21°4
4'52.
4"S 
165°4
2'0.3"
E 
Tére
mba 
Mara Sandsto
ne 
Permian   
045-
NC 
22°1'
53.8"
S 
166° 
3'10.0
"E 
Tére
mba 
Ouam
oui 
Conglo
merate 
Carnian-Norian, 
Late Triassic 
32/22 4/9 
048-
NC 
22°1'
15.6"
S 
166° 
2'44.1
"E 
Tére
mba 
Ouam
oui 
Conglo
merate 
Carnian-Norien, 
Late Triassic 
140/100 7/12 
055-
NC 
21°4
4'6.2
"S 
165°4
2'53.2
"E 
Tére
mba 
Ouarai Conglo
merate 
Ladinian-
Norien, Middle - 
Late triassic 
160/95 2/7 
011-
NC 
21°3
5'53.
9"S 
165°4
8'14.1
"E 
Bog
hen 
Permi
an 
Sandsto
ne 
Permian   
059-
NC 
21°4
2'34.
7"S 
165°3
6'50.1
"E 
Tére
mba 
Tani Sandsto
ne 
Uronian, Middle 
Jurassic 
200/130 9/16 
002-
NC 
22°1
1'38.
5"S 
166°2
6'42.4
"E 
Tére
mba 
Undiff
erentia
ted 
Sandsto
ne 
Late Triassic? 250/199 1/1 
003-
NC 
22°1
1'38.
5"S 
166°2
6'42.4
"E 
Tére
mba 
Undiff
erentia
ted 
Conglo
merate 
Late Triassic? 500/431 19/22 
004-
NC 
22°1
1'38.
5"S 
166°2
6'42.4
"E 
Tére
mba 
Undiff
erentia
ted 
Sandsto
ne 
Late Triassic? 249/197 4/7 
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Table 2 
Maximal 
Depositional 
Constraints  
YSG 
(1σ) 
Y
P
P 
Yc1σ 
(n=+2)  
YC2σ(3+)  YDZ 
"1st 
Younges
t" 
"2nd 
Younges
t' 
"3rd 
Younges
t" 
023-NC 168.5±4.
3 Ma 
218 
Ma 
214.3±3.8 (n=4) 
(MSWD=0.62, 
probability = 0.60) 
216.9±2.6 (n=9) 
(MSWD=0.67, 
probability =0.72) 
169.17 + 11 - 
13 Ma 
185.62 + 7.4 - 
10 Ma 
194.38 + 8 - 8.7 
Ma 
061-NC 198.1±3.
7 Ma 
205 
Ma 
201.6±2.1 (n=11) 
(MSWD = 0.33, 
probability = 0.97) 
204.3±1.5 (n=24) 
(MSWD = 0.87, 
probability = 0.64) 
 
195 + 4.2 - 6.3 
Ma 
197 + 3.5 - 4.4 
Ma 
198.5  + 2.9 - 
3.9 Ma 
009-NC 217.2±3.
5 Ma  
231 
Ma 
228.0±2.3 Ma 
(n=13) 
(MSWD = 0.24, 
probability = 0.99) 
228.9±2.0 Ma (n=16) 
(MSWD = 0.34, 
probability = 0.991) 
217.1 + 5.2 - 
8.3 Ma 
220.3 + 4.8 - 
6.1 Ma  
222.8 + 3.6 - 5 
Ma 
013-NC 226.0±4.
0 Ma 
238 
Ma 
229.8±4.5 Ma (n=4) 
(MSWD = 0.48, 
probability = 0.69) 
229.8±4.5 Ma (n=4) 
(MSWD = 0.48, 
probability = 0.69) 
225.0 + 6.1-8.3 228.3 + 5.9 - 
6.2 Ma 
231.0 + 5.6 - 5.7 
Ma 
015-NC 177.0±5.
8 Ma 
180 
Ma  
179.5±2.0 Ma 
(n=11) 
(MSWD = 0.29, 
probability = 0.98) 
180.1±1.9  Ma 
(n=13) 
(MSWD = 0.43, 
probability = 0.95) 
165.0 + 7 - 7.8 
Ma 
173.7 + 3.7 - 
6.2 Ma 
175.0 + 3.7 - 4.1 
Ma 
060-NC 198.9±4.
7 Ma 
210 
Ma 
201.2±4.0 Ma (n=6) 
(MSWD = 0.20, 
probability = 0.96) 
201.2±3.9 Ma (n=6) 
(MSWD = 0.20, 
probability = 0.96) 
185.8 + 9 - 12 
Ma 
195.7 + 5.5 - 
8.4 Ma 
198.3 + 5.3 - 6.6 
Ma 
062-NC 221.1±5.
1 Ma 
245 
Ma 
226.4±5.3 Ma (n-3) 
(MSWD = 0.81, 
probability = 0.44) 
226.4±5.2 Ma (n=3) 
(MSWD = 0.81, 
probability = 0.44) 
199.37 + 9.1 - 
9.6 Ma 
220.8 + 8 - 11 
Ma 
227.0 + 6.8 - 8.3 
Ma 
005-NC 198.8±4.
3 Ma 
209 
Ma 
201.1±2.7 Ma (n=7) 
(MSWD = 0.28, 
probability = 0.95) 
205.2±1.4 Ma (n=24)  
(MSWD = 0.79, 
probability = 0.75) 
196.3 + 3.5 - 
7.6 Ma 
197.7 + 3.5 - 
4.5 Ma 
199.2 + 2.9 - 3.9 
Ma 
046-NC 201.9±4.
7 Ma 
209 
Ma 
205.5±2.5 Ma 
(n=13) 
(MSWD = 0.16, 
probability = 0.99) 
207.3±3.6 Ma (n=24) 
(MSWD = 0.29, 
probability = 1.0) 
197.7 + 4 - 8.2 
Ma 
199.7 + 3.2 - 
5.6 Ma 
200.6 + 3.2- 4.1 
Ma 
050-NC 195.4±3.
9 Ma 
204 
Ma 
199.2±2.9 Ma (n=8) 
(MSWD = 0.26, 
probability = 0.97) 
201.9±1.7 Ma (n=24) 
(MSWD = 0.32, 
probability = 0.99) 
193.3.8 + 3.8 - 
7.2 Ma 
195.0 + 3 - 5.2 
Ma 
196.0 + 2.8 - 4.1 
Ma 
022-NC 148.8±4.
2 Ma  
152 
Ma 
151.9±3.5 Ma (n=4) 
(MSWD = 0.43, 
probability = 0.73) 
151.9±3.3 Ma (n=4) 
(MSWD = 0.43, 
probability = 0.73) 
148.3 + 4.6 - 
8.8 Ma 
150.8 + 4.5 - 
5.1 Ma 
153.0 + 4.8 - 4.6 
Ma 
021-NC 163.7±4.
4 Ma 
172 
Ma 
168.1±2.5 Ma (n=8) 
(MSWD = 0.42, 
probability = 0.89) 
169.1±2.2 Ma (n=10) 
(MSWD = 0.74, 
probability = 0.68) 
 
163.0 + 3.8 - 
8.9 Ma 
165.0 + 3.4 - 
5.1 Ma 
166.3 + 3.2-4.1 
Ma 
045-NC 209.5±3.
3 Ma 
223 
Ma 
212.8±3.9 Ma (n=3) 
(MSWD = 0.82, 
probability = 0.44) 
219.0±3.0Ma (n=6) 
(MSWD = 0.90, 
probability = 0.48) 
199.6 + 6.9 - 
6.8 Ma 
212.9 + 4.9 - 
7.3 Ma 
215.7 + 4.3 - 5.6 
Ma 
048-NC 212.2±3.
7 Ma 
223 
Ma 
215.3±2.2 Ma 
(n=13) 
(MSWD = 0.26, 
probability = 0.99) 
217.5±1.6 Ma (n=24) 
(MSWD = 0.53, 
probability = 0.97) 
207.9 + 4.3 - 
7.4 Ma 
210.3 + 3.2 - 
5.2 Ma 
211.5 + 2.9 - 4.1 
Ma 
055-NC 212.0±4.
2 Ma 
224 
Ma 
216.3±2.6 Ma (n=6) 
(MSWD=0.32, 
probability = 0.90) 
222.2±1.8 Ma (n=24) 
(MSWD=0.55, 
probability = 0.96) 
205.6 + 6.2 - 
10 Ma 
209.0 + 4.9 - 
7.6 Ma 
211.3 + 4.1 - 6.5 
Ma 
059-NC 165.2±3.
6 Ma 
182 
Ma 
167.0±5.3 Ma (n=2) 
(MSWD = 0.61, 
probability = 0.43) 
172.3±3.0 Ma (n=7) 
(MSWD = 0.90, 
probability = 0.54) 
164.3 + 5.5 - 
7.3 Ma 
168.3 + 3.7 - 6 
Ma 
169.8 + 3.4 - 4.3 
Ma 
002-NC 178.1±3.
0 Ma 
202 
Ma 
179.2±2.9 Ma (n=4) 
(MSWD=0.13, 
probability = 0.94) 
179.2±2.9 Ma (n=4) 
(MSWD=0.13, 
probability = 0.94) 
150.4 + 6.5 -
5.5 Ma 
163.7 + 6.1 - 
6.5 Ma 
176.3 + 4 - 5.5 
Ma  
003-NC 144.8±2.
0 Ma 
 145.6±3.4 Ma (n=2) 
(MSWD = 0.14, 
probability = 0.71) 
149.1±7.2 Ma (n=4) 
(MSWD = 3.2, 
probability = 0.022) 
133.8 + 8.4 - 
8.3 Ma 
144.3 + 4.1 - 
4.7 Ma 
148.3 + 4.8 - 5.5 
Ma 
004-NC 165.3±2.
4 Ma 
195 
Ma 
166.9±3.6 Ma (n=2) 
(MSWD = 1.09, 
probability = 0.30) 
169.8±6.4 Ma (n=4) 
(MSWD = 2.4, 
probability = 0.07) 
165 + 4.6 - 5.2 
Ma 
168.8 + 4.5 - 
4.6 Ma 
171.8 + 4.3 - 4.3 
Ma 
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Highlights 
 Origin and tectonic evolution of basement terranes in New Caledonia 
revealed. 
 Detrital zircons show absence of Early Permian to Middle Triassic ages. 
 Paleozoic detritus suggest reworking and crustal melting of Gondwanan 
fragment 
 Pre-late Mesozoic dispersal of Gondwanan fragments within the southwest 
Pacific 
 Rifting was possibly associated with a pronounced phase of Early Permian 
extension 
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